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© Sensitive thyrfstor having Improved noise-capability. 



© A MOSFET (19) is provided between a main 
thyristor (26) and an auxiliary thyristor (27) for con- 
trolling the main thyristor (26). The source and drain 
regions of the MOSFET (19) are also used as a first 
N-type emitter region (16) of the main thyristor (26) 

a and a second N-type emitter region (18) of the 
auxiliary thyristor (27). The MOSFET (19) and the 
00 auxiliary thyristor (27) are controlled by an output of 
CO a gate energization circuit. When the MOSFET (19) 
"is turned on by an output of the gate energization 
{^circuit, the main thyristor (26) is connected to the 
auxiliary thyristor (27). At this time, the auxiliary 
thyristor (27) is turned on by the output of the gate 
energization circuit, and the main thyristor (26) is 
j^also turned on due to the turn-on operation of th 
HI auxiliary thyristor (27). When the MOSFET (19) is in 
the OFF state, the main thyristor (26) is electrically 
isolated from the auxiliary thyristor (27). 
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Sensitive thyrist r having improved noise-capability 



This invention relates to a semiconductor de- 
vice having a main thyristor and an auxiliary thyris- 
tor (which is also called a pilot thyristor) formed in 
a singie semiconductor substrate, and more par- 
ticularly to a sensitive thyristor having an improved 
noise-capability. 

In general, a thyristor is widely used to effect 
various control operations such as ON/OFF control 
of electric power. The basic structure of the thyris- 
tor is explained in the article by ADOLPH BLICHER 
in "Thyristor Physics" pp. 1 to 13. The thyristor in 
the OFF state is made conductive when a gate 
current is increased to a certain value with a preset 
voltage kept applied between the anode and cath- 
ode. The minimum gate current required for turning 
on the thyristor is called gate turn-on current 1 G t» 
and the sensitivity of the thyristor becomes higher 
when current l<rr is set to be smaller. Gate turn-on 
current Igt is controlled by various methods so as 
to attain a desired ON characteristic. 

When an abruptly rising noise voltage is ap- 
plied between the anode and cathode of the thyris- 
tor in the OFF state, the thyristor may be turned on 
(erroneously triggered) even if no gate current is 
supplied. The turn-on operation is considered to 
occur as explained below. First, a junction capaci- 
tor between the P-type base region and N-type 
base region of the thyristor is charged by applica- 
tion of the noise voltage. As a result, a displace- 
ment current "Cdv/dt" (C is a capacitance of the 
junction capacitor) will flow over the entire surface 
of the junction area. The displacement current has 
substantially the same effect as the gate current, 
and at this time, the thyristor is turned on. In this 
case, voltage variation rate dv/dt immediately be- 
fore the thyristor is turned on is called the critical 
off voltage rising rate. When the critical off voltage 
rising rate is larger, the possibility of the thyristor to 
be turned on by the noise voltage becomes small- 
er, and therefore it is preferable to set the critical 
off voltage rising rate to be larger. The above 
phenomena are generally called dv/dt characteris- 
tics. 

The dv/dt characteristics and sensitivity of the 
thyristor are incompatible with each other. That is, 
when the sensitivity is set to be high, the dv/dt 
characteristic will be deteriorated, and when the 
dv/dt characteristic is enhanced, the sensitivity is 
lowered. 

It is well known in the art that an amplifying 
gate type thyristor can be used to effect a method 
for controlling the ON and OFF conditions of a 
thyristor which is operated with a large driving 
ability (current capacity) by a small gate current. 



Such a thyristor is disclosed in "Thyristor Physics" 
pp. 120-121. The amplifying gate type thyristor 
includes a main thyristor having a large driving 
ability (requiring large gate turn-on current I G t) and 

5 an auxiliary thyristor having a small driving ability 
(which can be turned on by small gate turn-on 
current Iqt). The main thyristor is constituted to 
have a cathode formed in the form of shorted 
emitter structure in order to enhance the dv/dt 

10 characteristic. In an equivalent circuit of the thyris- 
tor, the cathode of the auxiliary thyristor is con- 
nected to the gate of the main thyristor, and the 
anode thereof is connected to the anode of the 
main thyristor. When a gate current is supplied to 

15 the gate of the auxiliary thyristor and exceeds gate 
turn-on current Iqt, the thyristor is turned on. As a 
result, current flowing from the anode to cathode of 
the auxiliary thyristor is supplied as a gate current 
to the gate of the main thyristor, thereby turning on 

20 the main thyristor. In this way, it is possible to turn 
on the main thyristor having the large driving ability 
(current capacity) with a gate current which is rela- 
tively small but is large enough to turn on the 
auxiliary thyristor. 

25 As described above, in the amplifying gate 
type thyristor, the main thyristor having the large 
driving ability (current capacity) can be turned on 
by a relatively small gate current. However, the 
dv/dt characteristic is not sufficiently improved. 

30 This is because the main thyristor will be turned on 
when the highly sensitive auxiliary thyristor is 
turned on by a noise voltage even if the dv/dt 
characteristic of the main thyristor is sufficiently 
improved. In the amplifying gate type thyristor, the 

35 P-type base region of the main thyristor is elec- 
trically connected to the P-type base region of the 
auxiliary thyristor. Therefore, when a noise voltage 
is applied between the anode and cathode of the 
main thyristor, the highly sensitive auxiliary thyris- 

40 tor may be turned on even if the main thyristor 
having the sufficiently improved dv/dt characteristic 
is not turned on at this time. Thus, the dv/dt char- 
acteristic of the amplifying gate type thyristor 
largely depends on the dv/dt characteristic of the 

45 auxiliary thyristor. 

In recent years, microcomputers were widely 
used in the household electric appliances, and it 
has been required to directly drive the thyristor by 
an output (small gate current) of an IC. Therefore, it 

50 is strongly demanded to develop sensitive thyris- 
tors. As described above, however, wh n the gate 
sensitivity of the thyristor is enhanced, the dv/dt 
characteristic thereof is deteriorated, that is, the 
noise-capability thereof becomes low, causing an 
erroneous operation due to the noise voltage. 
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An obj ct of this Invention is to provid a 
thyristor having a high gate sensitivity and im- 
proved noise-capability. 

According to one embodiment of this inv ntion, 
there is provided a thyristor comprising a main 
thyristor formed in a semiconductor substrate; an 
auxiliary thyristor formed in the same semiconduc- 
tor substrate in which the main thyristor is formed 
and functioning to control the operation of the main 
thyristor; a MOSFET formed between the main 
thyristor and the auxiliary thyristor; and an ener- 
gization circuit for energizing the gates of the 
MOSFET and the auxiliary thyristor. 

With this construction, the main and auxiliary 
thyristors are separated from each other when the 
MOSFET is in the OFF state. Therefore, even if a 
noise voltage is applied to thyristors, the main 
thyristor will not be turned on. Further, when the 
MOSFET is in the ON state, the main and auxiliary 
thyristors are connected to each other. Therefore, if 
the auxiliary thyristor is turned on, the main thyris- 
tor is also turned on. 

Thus, a thyristor which has high gate sensitivity 
and high noise-capability can be provided. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a cross sectional view of a thyristor 
according to a first embodiment of this invention; 

Figs. 2A to 2E are cross sectional views 
sequentially showing the manufacturing steps of 
manufacturing the thyristor shown in Fig. 1; 

Fig. 3 is cross sectional view of a modifica- 
tion of the thyristor shown in Fig. 1 ; 

Fig. 4 is a cross sectional view of a thyristor 
according to a second embodiment of this inven- 
tion; and 

Fig. 5 is a cross sectional view of a modifica- 
tion of the thyristor shown in Fig. 4. 

Fig. 1 is a cross sectional view of a thyristor 
according to a first embodiment of this invention. 
P-type emitter region 12 acting as an anode is 
formed in the rear surface area of N-type semicon- 
ductor substrate (N-type base region) 11. Anode 
electrode 13 is formed in ohmic contact with P- 
type emitter region 12. Anode terminal A is con- 
nected to anode electrode 13. P-type base region 
14 acting as a gate is formed in the front surface 
area of semiconductor substrate 11. Isolation re- 
gions 15 are formed from the front surface to the 
rear surface of semiconductor substrate 1 1 to sur- 
round P-type base region 14. First N-type emitter 
region 16 acting as a cathode is formed in the 
surface area of P-type base region 14. Cathode 
electrode 17 is formed in ohmic contact with first 
N-type emitter region 16. Cathode terminal K is 



connected to cathode lectrod 17. Second N-type 
emitter region 18 is formed separately from and 
deeper than first N-type emitter region 16 in the 
surface ar a of P-type base region 14. Gate elec- 

5 trode 20 of MOSFET 19 is formed on gate insula- 
tion film 21 which is formed on that portion of P- 
type base region 14 which lies between first and 
second N-type emitter regions 16 and 18. N-type 
impurity region 22 is formed separately from first 

w and second N-type emitter regions 16 and 18 in 
the surface area of P-type base region 14. Gate 
terminal G is connected to gate electrode 20 by 
use of wiring layer 23-1 and to N-type impurity 
region 22 by use of wiring layer 23-2. Further, gate 

is terminal G is connected to one end of resistor 24 
which is connected at the other end to gate elec- 
trode 25 of a thyristor formed in ohmic contact with 
P-type base region 14. 

Main thyristor 26 with PNPN structure is con- 

20 stituted by P-type emitter region 12, N-type semi- ■ 
conductor substrate (N-type base region) 11. P- 
type base region 14 and first N-type emitter region 
16. Further, auxiliary thyristor 27 with PNPN struc- 
ture is constituted by P-type emitter region 12, N- 

25 type semiconductor substrate (N-type base region) 
11, P-type base region 14 and second N-type 
emitter region 18. Since second N-type emitter 
region 18 of auxiliary thyristor 27 is formed deeper 
than first N-type emitter region 1 6, the sensitivity of 

30 auxiliary thyristor 27 is set to be higher than that of 
main thyristor 26. MOSFET 19 includes first and 
second N-type emitter regions 16 and 18, P-type 
base region 14, gate insulation film 21 and gate 
electrode 20. First and second N-type emitter re- 

35 gions 16 and 18 act as source and drain regions, 
and that portion of P-type base region 14 which 
lies between first and second N-type emitter re- 
gions 16 and 18 acts as a channel region. Zener 
diode 28 is formed of P-type base region 14 and 

40 N-type impurity region 22, and is used to protect 
the gate insulation film of MOSFET 19. 

Figs. 2A to 2E are cross sectional views se- 
quentially showing the manufacturing steps of man- 
ufacturing the thyristor shown in Fig. 1. First, as 

45 shown in Fig. 2A, oxide films 31 and 32 are re- 
spectively formed on the front and rear surfaces of 
N-type semiconductor substrate (silicon substrate) 
11 with the resistivity of 40 fl«cm. Semiconductor 
substrate 11 is used as an N-type base region. 

50 Openings 31 A and 31 B are formed by a PEP 
method in portions of oxide film 31 corresponding 
in position to the area in which isolation regions 15 
are formed. Likewise, openings 32A and 32B are 
formed by a PEP method in portions of oxide film 

55 32 corresponding in position to the area in which 
isolation regions 15 ar formed. Then, P-type im- 
purity is doped into semiconductor substrate 1 1 via 
openings 31 A, 31 B, 32A and 32B from both sides 



3 



5 



EP 0 312 088 A2 



6 



of semiconductor substrate 11 so as to form isola- 
tion regions 1 5. 

Next as shown in Fig. 2B, oxide films 31 and 

32 are removed and then oxide film 33 is formed 
on the upper surface of the resultant semiconduc- 
tor structure. Part of oxide film 33 which lies on the 
formation area for formation of P-type base region 
14 is selectively removed by a PEP method. Then, 
a P-type impurity is doped into semiconductor sub- 
strate 11 from the both sides thereof with oxide film 

33 used as a mask. At this time, for example, 
boron is deposited to the exposed surface of semi- 
conductor substrate 1 1 in a heat treatment process 
at a temperature of 1000* C for approx. one hour 
and is diffused to a depth of 40 urn. In this way, P- 
type emitter region 12 and P-type base region 14 
with a surface impurity concentration of 1 x 10 18 to 
5 x 10 18 atoms/cm 3 can be formed at the same 
time. Then, an N-type impurity is selectively ion- 
implanted into a portion of P-type base region 14 
which lies in position corresponding to an area for 
formation of the channel region of MOSFET 19 so 
as to form impurity region 14A whose P-type impu- 
rity concentration is reduced to approx. 1 x 10 17 
atoms/cm 3 . 

After this, remaining oxide film 33 is removed, 
and oxide films 34 and 35 are formed on both 
surfaces of the resultant semiconductor structure. 
Openings 34A is formed by a PEP method in a 
portion of oxide film 34 corresponding in position to 
the area for formation of second N-type emitter 
region 18. Then, an N-type impurity is doped into 
the surface area of semiconductor substrate 11 
with oxide films 34 and 35 used as a mask. Subse- 
quently, openings 34B and 34C are formed by a 
PEP method in those portions of oxide film 34 
which He on the areas for formation of first N-type 
emitter region 16 and N-type impurity region 22. 
Then, an N-type impurity is doped into the surface 
area of semiconductor substrate 11 with oxide films 

34 and 35 used as a mask, in this case, phosphor 
is adhered to the exposed surface of semiconduc- 
tor substrate 11 in a heat treatment process at a 
temperature of 1100* C for approx. 30 minutes and 
is diffused to a depth of 12 urn. In this way, first N- 
type emitter region 16, second N-type emitter re- 
gion 18 and N-type impurity region 22 with a 
surface impurity concentration of 1 x 10 21 
atoms/cm 3 or more can be formed. Since impurity 
doping steps are effected twice to form second N- 
type emitter region 18, the diffusion depth thereof 
becomes deep and as a result the construction 
shown in Fig. 2C can be obtained. 

Next, remaining oxide film 34 is selectively 
removed, and a thin oxid film used as gate insula- 
tion film 21 is formed on that portion of P-type 
base region 14 which lies between first and second 
N-type emitter regions 16 and 18. After a poly- 



silicon lay r is formed on gat insulation film 21 
and oxid film 34, the polysilicon layer Is patterned 
to form gate electrode 20 and resistor 24. The 
resistance value of the resistor 24 is controlled by 

s ion-Implantation technique. Then, oxide film 36 is 
formed on the surface of the resultant semiconduc- 
tor structure as shown in Fig. 2D. 

After this, openings 36A, 36B, 36C, 36D and 
36E are formed by a PEP method in oxide film 36 

10 in positions corresponding to first N-type emitter 
region 16, N-type impurity region 22, P-type base 
region 14 and ends of resistor 24, and oxide film 
35 is removed. Then, metal such as aluminum is 
vapor deposited on both surfaces of the resultant 

15 semiconductor structure and is patterned. As a 
result, anode electrode 13, cathode electrode 17, 
cathode extraction eiectrode 37 of a Zener diode, 
gate electrode 25 and gate extraction electrode 38 
of a thyristor are formed as shown in Fig. 2E. 

20 Next, semiconductor substrate 11 is cut along 
X-X lines in Fig. 2E t and then anode electrode 13 
and cathode electrode 17 are connected to anode 
terminal A and cathode terminal K, respectively. 
Gate electrode 20 of MOSFET 19 and electrode 37 

25 are connected to gate terminal G via wiring layers 
23-1 and 23-2, respectively. Further, gate extrac- 
tion electrode 38 is connected to gate terminal G to 
form a thyristor shown in Fig. 1 . 

Now, the operation of the thyristor shown in 

30 Fig. I is explained. In a case where no voltage is 
applied to gate terminal G, main thyristor 26, auxil- 
iary thyristor 27 and MOSFET 19 are all turned off. 
In this case, since main thyristor is constituted to 
have an improved dv/dt characteristic, main thyris- 

35 tor 26 is not easily turned on even if a noise 
voltage is applied between anode terminal A and 
cathode terminal K. Further, since auxiliary thyristor 
27 is separated from main thyristor 26 by means of 
MOSFET 19 which is now in the OFF state, main 

40 thyristor 26 will not be turned on. 

In a case where a voltage is applied to gate 
terminal G, MOSFET 19 is turned on and the 
conductivity type of the channel region is inverted 
into N-type, thereby connecting first N-type emitter 

45 region 16 to second N-type emitter region 18. 
Therefore, main thyristor 26 and auxiliary thyristor 
27 are connected to each other. In other words, 
main thyristor 26 and auxiliary thyristor 27 are 
combined to function as one thyristor 29 having a 

so high gate sensitivity area (auxiliary thyristor section 
27). In this case, a gate current flows from gate 
terminal G to P-type base region 14 or the gate of 
auxiliary thyristor 27 via resistor 24. As a result, 
auxiliary thyristor 27 is turned on. The effect due to 

55 the tum-on of auxiliary thyristor 27 is transferred to 
main thyristor 26 via MOSFET 19, and main thyris- 
tor 26 is also turned on. Since the threshold volt- 
age of MOSFET 19 is approx. 1.5 V and voltage 
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Vqt for turning on auxiliary thyristor 27 Is 0.5 V, it 
is sufficient to set a voltage applied to gate termi- 
nal G when auxiliary thyristor 27 is turned on to 
approx. 2 V. At this time, gate turn-on current l QT of 
auxiliary thyristor 27 is approx. 10 uA and auxiliary 
thyristor 27 is sufficiently sensitive. Resistor 24 is 
used to adjust threshold voltage V™ of auxiliary 
thyristor 28 and gate turn-on voltage V G t so as to 
attain an adequate gate current. Further, break- 
down occurs in Zener diode 28 when a high volt- 
age is applied to gate terminal G so that gate 
insulation film 21 of MOSFET 19 can be effectively 
prevented from being damaged. 

Fig. 3 shows a modification of the thyristor 
shown in Fig. 1. The thyristor is triggered by irra- 
diation of light. That is, in the thyristor of Fig. 1, 
auxiliary thyristor 27 is triggered by applying volt- 
age to gate terminal G and supplying a gate cur- 
rent to auxiliary thyristor 27 via resistor 24. in 
contrast, the thyristor shown in Fig. 3 is triggered 
by irradiation of light. In Fig. 3, portions which are 
similar to those of the thyristor shown in Fig. 1 are 
denoted by the same reference numerals and the 
explanation therefor is omitted. In the thyristor of 
Fig. 3, photodiodes 41 and 42 are embedded in 
that portion of P-type base region 14 which lies 
between second N-type emitter region 18 and N- 
type impurity region 22. Photodiodes 41 and 42 are 
isolated from P-type base region 14 by means of 
insulation films 43 and 44, respectively. 
Photodiodes 41 and 42 are respectively formed of 
P-type impurity regions 45 and 46 acting as an 
anode region and N-type impurity regions 47 end 
48 formed in the surface area of respective impu- 
rity regions 45 and 46. P-type impurity region 45 of 
photodiode 41 is connected to gate electrode 20 of 
MOSFET 19, and N-type impurity region 47 of 
photodiode 41 is connected to P-type impurity re- 
gion 46 of photodiode 42. Further, N-type impurity 
region 48 of photodiode 42 is connected to P-type 
base region 14. 

With the construction described above, when 
light is applied to photodiodes 41 and 42, an elec- 
tromotive force is generated and is applied to the 
gate of MOSFET 19 to turn on the same. At the 
same time, current caused by the electromotive 
force is supplied to P-type base region 14 or the 
gate of auxiliary thyristor 28 to turn on auxiliary 
thyristor 28. As a result, main thyristor 27 is also 
turned on. When no light is irradiate, the thyristor is 
set under the same condition as that in which the 
thyristor of Fig. 1 is set when no voltage is applied 
to gate terminal G. Therefore, even if a noise 
voltage is applied between anode terminal A and 
cathode terminal K, main thyristor 26 will not be 
turned on. 

Fig. 4 shows a thyristor according to a second 
embodiment of this inv ntion. The thyristor is con- 



structed by applying this invention to the am- 
plifying gate type thyristor. 

P-type emitter region 12 acting as an anod is 
formed in the rear surface area of N-typ semicon- 

5 ductor substrate (N-type base region) 11. Anode 
electrode 13 is formed in ohmic contact with P- 
type emitter region 12. Anode terminal A is con- 
nected to anode electrode 13. First P-type base 
region 14-1 acting as a gate of the main thyristor is 

10 formed in the front surface area of semiconductor 
substrate 11. Second P-type base region 14-2 act- 
ing as a gate of the auxiliary thyristor is formed 
separately from P-type base region 14-1 in the 
front surface area of semiconductor substrate 11. 

75 Isolation regions 15 are formed from the front sur- 
face to the rear surface of semiconductor substrate 
11 to surround first and second P-type base re- 
gions 14-1 and 14-2. First to third N-type emitter 
regions 16-1 to 16-3 acting as a cathode of the 

20 main thyristor is formed in the surface area of P- 
type base region 14-1. Cathode electrode 17 is 
formed in ohmic contact with first to third N-type 
emitter regions 16-1 to 16-3. Cathode terminal K is 
connected to cathode electrode 17. Fourth N-type 

25 emitter region 18 is formed in the surface area of 
second P-type base region 14-2. N-type impurity 
region 51 is formed separately from fourth N-type 
emitter region 18 in the surface area of second P- 
type base region 14-2. Further, N-type impurity 

so region 51 is connected to gate electrode 53 of the 
main thyristor which is ohmic contact with first P- 
type base region 14-1 via wiring layer 52. Gate 
electrode 20 of MOSFET 19 Is formed on gate 
insulation film 21 which is formed on that portion of 

35 second P-type base region 14-2 which lies be- 
tween fourth N-type emitter region 18 and N-type 
impurity region 51. N-type impurity region 22 is 
formed separately from fourth N-type emitter re- 
gion 18 and N-type impurity region 51 in the sur- 

40 face area of second P-type base region 14-2. Gate 
terminal G is connected to gate electrode 20 by 
use of wiring layer 23-1 and to N-type impurity 
region 22 by use of wiring layer 23-2. Further, gate 
terminal G is connected to one end of resistor 24 

45 which is connected at the other end to gate elec- 
trode 25 of an auxiliary thyristor formed in ohmic 
contact with second P-type base region 14-2. 

Main thyristor 26 with PNPN structure is con- 
stituted by P-type emitter region 12, N-type semi- 

so conductor substrate (N-type base region) 11, first 
P-type base region 14-1 and first to third N-type 
emitter regions 16-1 to 16-3. Thus, main thyristor 
26 has a shorted emitter structure. Further, auxil- 
iary thyristor 27 with PNPN structure is constituted 

55 by P-type emitter region 12. N-type semiconductor 
substrate (N-type base region) 1 1 , second P-type 
base region 14-2 and fourth N-type emitter region 
18. Main thyristor 26 is formed to have a shorted 
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emitter structure and has an enhanced dv/dt char- 
acteristic. In contrast, auxiliary thyristor 27 is 
formed to hav a high sensitivity. MOSFET 19 
includes fourth N-type emitter region 18, N-type 
impurity region 51, second P-type base region 14- 
2, gate insulation film 21 and gate electrode 20. 
Fourth N-type emitter region 18 and N-type impu- 
rity region 51 act as source and drain regions, and 
that portion of second P-type base region 4-2 
which lies between fourth N-type emitter region 18 
and N-type impurity regions 51 acts as a channel 
region. Zener diode 28 is formed of second P-type 
base region 14-2 and N-type impurity region 22, 
and is used to protect gate insulation film 21 of 
MOSFET 19. 

Now, the operation of the thyristor shown in 
Fig. 4 is explained. The operation is similar to that 
of the thyristor shown in Fig, 1 except the turn-on 
process of main thyristor 26. In a state wherein no 
voltage is applied to gate terminal Q, main thyristor 
26, auxiliary thyristor 27 and MOSFET 19 are ail 
set in the OFF condition. That is, at this time, main 
thyristor 26 and auxiliary thyristor 27 are elec- 
trically separated from each other by MOSFET 19 
which is in the OFF condition. Under this condition, 
even if a noise voltage is applied between anode 
terminal A and cathode terminal K, main thyristor 

26 which has an enhanced dv/dt characteristic is 
not easily turned on. In this case, auxiliary thyristor 

27 which is sensitive may be turned on and is thus 
erroneously triggered. However, since MOSFET 19 
is turned off, no gate current is supplied to gate 
electrode 53 (first P-type base region 14-1) of main 
thyristor 26. As a result, main thyristor 26 will not 
be erroneously triggered even when auxiliary 
thyristor 27 is erroneously triggered. 

In a case where a voltage is applied to gate 
terminal G MOSFET 19 is turned on so that gate 
electrode 53 of main thyristor 26 and the cathode 
(N-type emitter region 18) of auxiliary thyristor 27 
can be electrically connected via the current path 
of MOSFET 19 and wiring layer 52. At this time, a 
gate current is supplied to gate electrode 25 of 
auxiliary thyristor 27 via resistor 24 by application 
of voltage to gate terminal G. As a result, auxiliary 
thyristor 27 is turned on. The tum-on operation of 
auxiliary thyristor 27 causes a current flowing be- 
tween the anode and cathode of auxiliary thyristor 
27 to be supplied as a gate current of main thyris- 
tor 26, thereby turning on main thyristor 26. 

The inventors of this invention made for experi- 
ment the conventional amplifying gate type thyris- 
tor and a thyristor with the construction shown in 
Fig. 4, both thyristors being formed to have rated 
current and voltage of 10 A and 600 V. In the 
thyristor with the construction shown in Fig. 4, gate 
turn-on current l GT of 10 ixA and dv/dt of 400 V/us 
were obtained when the resistance of resistor 24 



was set to 200 KQ. In contrast, in the conventional 
amplifying gate typ thyristor, gate turn-on current 
l QT of 100 uA and dv/dt of 200 V/us were obtained 
when the resistance of an input resistor 

s (corresponding to resistor 24 used in this invention) 
was set to 200 KD. Thus, it was determined that 
the sensitivity of the thyristor of this invention is 
sufficiently high and the dv/dt characteristic is sig- 
nificantly improved in comparison with that of the 

10 conventional thyristor. 

Fig. 5 shows a modification of the thyristor 
shown in Fig. 4. The thyristor is triggered by irra- 
diate of light, and is formed by combining the 
structures of Rgs. 3 and 4. in Fig. 5, the turn-on 

75 mechanism of auxiliary thyristor 27 by application 
of light Is the same as that of Fig. 3, and the basic 
operation of the thyristor is the same as that of the 
thyristor shown in Fig. 4. Therefore, portions which 
are the same as those in Rgs. 3 and 4 are denoted 

20 by the same reference numerals and the explana- 
tion thereof is omitted. 

With this construction, the operation which is 
substantially the same as those in the foregoing 
embodiments is effected and the same effect can 

25 be obtained. 

As described above, according to this inven- 
tion, a thyristor having a high gate sensitivity and 
improved noise-capability can be provided. 

30 

Claims 

1 . A thyristor comprising a main thyristor (26) 
formed in a semiconductor substrate (1 1 ); and an 

35 auxiliary thyristor (27) formed in said semiconduc- 
tor substrate (11) in which said main thyristor (26) 
is formed and functioning to control the operation 
of said main thyristor (26); characterized by further 
comprising a MOSFET (19) formed between said 

40 main thyristor (26) and said auxiliary thyristor (27) 
and gate energization means for energizing gate 
electrodes of said MOSFET (19) and said auxiliary 
thyristor (27), and characterized in that said MOS- 
FET (19) electrically connects said main thyristor 

45 (26) to said auxiliary thyristor (27) in the ON state 
and electrically disconnecting said main thyristor 
(26) from said auxiliary thyristor (27) in the OFF 
state. 

2. A thyristor according to claim 1, character- 
so ized in that said auxiliary thyristor (27) is formed to 

have a sensitivity higher than that of said main 
thyristor (26). 

3. A thyristor according to claim 1 , character- 
ized in that said main thyristor (26) is constituted to 

55 include said semiconductor substrate (11) acting as 
an N-type base region, a P-type emitter region (12) 
formed in one of two surface areas of said semi- 
conductor substrate (11), a P-type base region (14) 
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formed in the other surface area of said semicon- 
ductor substrate (11), and a first N-type emitter 
region (16) formed in the surface area of said P- 
type base region (14); said auxiliary thyristor (27) is 
constituted to include said s miconductor substrate 
(11), said P-type emitter region (12), said P-type 
base region (14) and a second N-type emitter 
region (18) which is formed separately from and 
deeper than said first N-type emitter region (16) in 
the surface area of said P-type base region (14); 
and said MOSFET (19) is constituted to include 
said first and second N-type emitter regions (16 
and 18), a portion of said P-type base region (14) 
which lies between said first and second N-type 
emitter regions (16 and 18), a gate insulation film 

(21) formed on said P-type base region (14) 
formed between said first and second N-type emit- 
ter regions (16 and 18). and a gate electrode (20) 
formed on said gate insulation film (21). 

4. A thyristor according to claim 3, character- 
ized by further including N-type impurity region 

(22) which is formed in the surface area of said P- 
type base region (14) and constitutes a Zener 
diode (28) in cooperation with said P-type base 
region (14), said Zener diode (28) serving to pro- 
tect said MOSFET (19). 

5. A thyristor according to claim I, character- 
ized in that said main thyristor (26) is constituted to 
include said semiconductor substrate (1 1 ) acting as 
an N-type base region, a P-type emitter region (12) 
formed in one of two surface areas of said semi- 
conductor substrate (11), a first P-type base region 
(14-1) formed in the other surface area of said 
semiconductor substrate (11), and first N-type em- 
itter regions (16-1 to 16-3) formed in the surface 
area of said first P-type base region (14-1); said 
auxiliary thyristor (27) is constituted to include said 
semiconductor substrate (11), said P-type emitter 
region (12), a second P-type base region (14-2) 
which is formed separately from said first P-type 
base region (14) in the other surface area of said 
semiconductor substrate (11) and a second N-type 
emitter region (18) which is formed in the surface 
area of said second P-type base region (14-2); and 
said MOSFET (19) is constituted to include said 
second N-type emitter region (18), an N-type impu- 
rity region (51) formed separately from said second 
N-type emitter region (18) in the surface area of 
said second P-type base region (14-2), a gate 
insulation film (21) formed on a portion of said 
second P-type base region (14-2) which lies be- 
tween said second N-type emitter region (18) and 
said N-type impurity region (51). and a gate elec- 
trode (20) formed on said gate insulation film (21). 

6. A thyristor according to claim 5, character- 
ized by further including N-type impurity region 
(22) which is formed in the surface area of said 
second P-type base region (14-2) and constitutes a 



Zener diode (28) in cooperation with said second 
P-typ base region (14-2), said Zener diode (28) 
serving to protect said MOSFET (19). 

7. A thyristor according to claim 5, character- 
s ized in that said main thyristor (26) further includes 
a plurality of N-type emitter regions (16-1 to 16-3) 
formed in the surface area of said first P-type base 
region (14-1) and Is formed of the shorted emitter 
structure. 

jo 8. A thyristor according to claim 1 , character- 
ized in that said gate energization means includes 
a gate terminal (G) connected to the gate electrode 
(20) of said MOSFET (19) and a resistor (24) 
connected between said gate terminal (G) and the 

75 gate electrode (25) of said auxiliary thyristor (27). 

9. A thyristor according to claim 1 , character- 
ized in that said gate energization means Includes 
a photodiode (41, 42) connected between the gate 
electrode (20) of said MOSFET (19) and the gate 

20 electrode (25) of said auxiliary thyristor (27). 

10. A thyristor comprising an N-type semicon- 
ductor substrate (11) acting as an N-type base 
region; a P-type emitter region (12) formed in a 
first surface area of said semiconductor substrate 

25 (11); an anode electrode (13) formed in ohmlc 
contact with said P-type emitter region (12); a P- 
type base region (14) formed in a second surface 
area of said semiconductor substrate (11); a first N- 
type emitter region (16) formed in the surface area 

oo of said P-type base region (14); a cathode elec- 
trode (17) formed in ohmic contact with said P-type 
base region (14); and a first gate electrode (25) 
formed in ohmic contact with said P-type base 
region (14); characterized by further comprising a 

35 second N-type emitter region (18) which is formed 
separately from and deeper than said first N-type 
emitter region (16) in the surface area of said P- 
type base region (14); a gate insulation film (21) 
formed on a portion of said P-type base region (1 4) 

40 lying between said first and second N-type emitter 
regions (16 and 18); a second gate electrode (20) 
formed on said gate insulation film (21); and gate 
energization means for energizing said first and 
second gate electrodes (25 and 20). 

45 11. A thyristor according to claim 10, char- 
acterized by further including an N-type impurity 
region (22) formed separately from said first and 
second N-type emitter regions (16 and 18) in the 
surface area of said P-type base region (14). 

so 12. A thyristor according to claim 10, char- 
acterized in that said gate energization means in- 
cludes a gate terminal (G) connected to said sec- 
ond gate electrode (20) and a resistor (24) con- 
nected between said gate terminal (G) and said 

55 first gate electrode (25). 
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13. A thyristor according to claim 10, char- 
acterized in that said gate energization means in- 
cludes a photodiode (41, 42) connected between 
said first and second electrodes (25 and 20). 

14. An amplifying gate typ thyristor compris- s 
ing an N-type semiconductor substrate (11) acting 

as an N-type base region; a P-type emitter region 

(12) formed in one of two surface areas of said 
semiconductor substrate (11); an anode electrode 

(13) formed in ohmic contact with said P-type to 
emitter region (12); a first P-type base region (14-1) 
formed in the other surface area of said semicon- 
ductor substrate (11); a plurality of first N-type 
emitter regions (16-1 to 16-3) formed in the surface 
area of said first P-type base region (14-1); a is 
cathode electrode (17) formed in ohmic contact 

with said first P-type base region (14-1) and said 
first N-type emitter regions (16-1 to 16-3); a second 
P-type base region (14-2) which is formed sepa- 
rately from said first P-type base region (14-1) in 20 
the other surface area of said semiconductor sub- 
strate (11); a second N-type emitter region (18) 
which is formed in the surface area of said second 
P-type base region (14-2); and a first gate elec- 
trode (25) formed in ohmic contact with said sec- 25 
ond P-type base region (14-2); characterized by 
further comprising a first N-type impurity region 
(51) formed separately from said second N-type 
emitter region (18) in the surface area of said 
second P-type base region (14-2), said first N-type 00 
impurity region (51) being connected to said first 
P-type base region (14-1); a gate insulation film 
(21) formed on a portion of said second P-type 
base region (14-2) which lies between said second 
N-type emitter region (18) and said first N-type 35 
impurity region (51); a second gate electrode (20) 
formed on said gate insulation film (21); and gate 
energization means for energizing said first and 
second gate electrodes (25 and 20). 

15. A thyristor according to claim 14, char- 40 
acterized by further including an N-type impurity 
region (22) which is formed separately from said 
second N-type emitter region (18) and said first N- 
type impurity region (51) in the surface area of said 
second P-type base region (14-2). 45 

16. A thyristor according to claim 14, char- 
acterized in that said gate energization means in- 
cludes a gate terminal (Q) connected to said sec- 
ond gate electrode (20) and a resistor (24) con- 
nected between said gate terminal (G) and said 50 
first gate electrode (25). 

17. A thyristor according to claim 14, char- 
acterized in that said gate energization means in- 
cludes a photodiode (41, 42) connected between 

said first and second gate electrodes (25 and 20). 55 
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© Sensitive thyristor having improved noise-capablllty. 



© A MOSFET (19) is provided between a main 
thyristor (26) and an auxiliary thyristor (27) for con- 
trolling the main thyristor (26). The source and drain 
regions of the MOSFET (19) are also used as a first 
N-type emitter region (16) of the main thyristor (26) 
£jl and a second N-type emitter region (18) of the 
^auxiliary thyristor (27). The MOSFET (19) and the 
00 auxiliary thyristor (27) are controlled by an output of 
00 a gate energization circuit. When the MOSFET (19) 
®is turned on by an output of the gate energization 
CM circuit, the main thyristor (26) is connected to the 
auxiliary thyristor (27). At this time, the auxiliary 
thyristor (27) is turned on by the output of the gate 
energization circuit and the main thyristor (26) is 
j^also turned on due to the turn-on operation of th 
LU auxiliary thyristor (27). When the MOSFET (19) is in 
the OFF state, the main thyristor (26) is electricaily 
isolated from the auxiliary thyristor (27). 
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Sensitive thyristor having impr ved noise-capability 



This invention reiates to a semiconductor de- 
vice having a main thyristor and an auxiliary thyris- 
tor (which is aiso called a pilot thyristor) formed in 
a single semiconductor substrate, and more par- 
ticularly to a sensitive thyristor having an improved 
noise-capability. 

In general, a thyristor is widely used to effect 
various control operations such as ON/OFF control 
of electric power. The basic structure of the thyris- 
tor is explained in the article by ADOLPH BLICHER 
in "Thyristor Physics" pp. 1 to 13. The thyristor In 
the OFF state is made conductive when a gate 
current is increased to a certain value with a preset 
voltage kept applied between the anode and cath- 
ode. The minimum gate current required for turning 
on the thyristor is called gate turn-on current l GT , 
and the sensitivity of the thyristor becomes higher 
when current l QT is set to be smaller. Gate turn-on 
current I G t is controlled by various methods so as 
to attain a desired ON characteristic. 

When an abruptly rising noise voltage is ap- 
plied between the anode and cathode of the thyris- 
tor in the OFF state, the thyristor may be turned on 
(erroneously triggered) even if no gate current is 
supplied. The turn-on operation is considered to 
occur as explained below. First, a junction capaci- 
tor between the P-type base region and N-type 
base region of the thyristor is charged by applica- 
tion of the noise voltage. As a result, a displace- 
ment current M Cdv/dt" (C is a capacitance of the 
junction capacitor) will flow over the entire surface 
of the junction area. The displacement current has 
substantially the same effect as the gate current, 
and at this time, the thyristor is turned on. In this 
case, voltage variation rate dv/dt immediately be- 
fore the thyristor is turned on is called the critical 
off voltage rising rate. When the critical off voltage 
rising rate is larger, the possibility of the thyristor to 
be turned on by the noise voltage becomes small- 
er, and therefore it is preferable to set the critical 
off voltage rising rate to be larger. The above 
phenomena are generally called dv/dt characteris- 
tics. 

The dv/dt characteristics and sensitivity of the 
thyristor are incompatible with each other. That is, 
when the sensitivity is set to be high, the dv/dt 
characteristic will be deteriorated, and when the 
dv/dt characteristic is enhanced, the sensitivity is 
lowered. 

It is well known in the art that an amplifying 
gate typ thyristor can be used to effect a method 
for controlling the ON and OFF conditions of a 
thyristor which is operated with a large driving 
ability (current capacity) by a small gate current. 



Such a thyristor Is disclosed in "Thyristor Physics" 
pp. 120-121. The amplifying gate type thyristor 
includes a main thyristor having a large driving 
ability (requiring large gate turn-on current I G t) and 

5 an auxiliary thyristor having a small driving ability 
(which can be turned on by small gate turn-on 
current l GT ). The main thyristor is constituted to 
have a cathode formed in the form of shorted 
emitter structure in order to enhance the dv/dt 

w characteristic. In an equivalent circuit of the thyris- 
tor, the cathode of the auxiliary thyristor is con- 
nected to the gate of the main thyristor, and the 
anode thereof is connected to the anode of the 
main thyristor. When a gate current is supplied to 

T5 the gate of the auxiliary thyristor and exceeds gate 
turn-on current Iqt, the thyristor is turned on. As a 
result, current flowing from the anode to cathode of 
the auxiliary thyristor is supplied as a gate current 
to the gate of the main thyristor, thereby turning on 

20 the main thyristor. In this way, it is possible to turn 
on the main thyristor having the large driving ability 
(current capacity) with a gate current which is rela- 
tively small but is large enough to turn on the 
auxiliary thyristor. 

25 As described above, in the amplifying gate 
type thyristor, the main thyristor having the large 
driving ability (current capacity) can be turned on 
by a relatively small gate current. However, the 
dv/dt characteristic is not sufficiently Improved. 

30 This is because the main thyristor will be turned on 
when the highly sensitive auxiliary thyristor is 
turned on by a noise voltage even if the dv/dt 
characteristic of the main thyristor is sufficiently 
improved. In the amplifying gate type thyristor, the 

35 P-type base region of the main thyristor is elec- 
trically connected to the P-type base region of the 
auxiliary thyristor. Therefore, when a noise voltage 
is applied between the anode and cathode of the 
main thyristor, the highly sensitive auxiliary thyris- 

40 tor may be turned on even if the main thyristor 
having the sufficiently Improved dv/dt characteristic 
is not turned on at this time. Thus, the dv/dt char- 
acteristic of the amplifying gate type thyristor 
largely depends on the dv/dt characteristic of the 

45 auxiliary thyristor. 

In recent years, microcomputers were widely 
used in the household electric appliances, and it 
has been required to directly drive the thyristor by 
an output (small gate current) of an IC. Therefore, it 

so is strongly demanded to develop sensitive thyris- 
tors. As described abov , however, when the gate 
sensitivity of the thyristor is enhanced, the dv/dt 
characteristic thereof is deteriorated, that is, the 
noise-capability thereof becomes low, causing an 
erroneous operation due to the noise voltage. 
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An object of this invention is to provide a 
thyristor having a high gate sensitivity and im- 
proved nols -capability. 

According to one embodiment of this invention, 
there is provided a thyristor comprising a main 
thyristor formed in a semiconductor substrate; an 
auxiliary thyristor formed in the same semiconduc- 
tor substrate in which the main thyristor is formed 
and functioning to control the operation of the main 
thyristor; a MOSFET formed between the main 
thyristor and the auxiliary thyristor; and an ener- 
gization circuit for energizing the gates of the 
MOSFET and the auxiliary thyristor. 

With this construction, the main and auxiliary 
thyristors are separated from each other when the 
MOSFET is in the OFF state. Therefore, even if a 
noise voltage is applied to thyristors, the main 
thyristor will not be turned on. Further, when the 
MOSFET is in the ON state, the main and auxiliary 
thyristors are connected to each other. Therefore, if 
the auxiliary thyristor is turned on, the main thyris- 
tor is also turned on. 

Thus, a thyristor which has high gate sensitivity 
and high noise-capability can be provided. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a cross sectional view of a thyristor 
according to a first embodiment of this invention; 

Figs. 2A to 2E are cross sectional views 
sequentially showing the manufacturing steps of 
manufacturing the thyristor shown in Fig. 1 ; 

Fig. 3 is cross sectional view of a modifica- 
tion of the thyristor shown in Fig. 1 ; 

Fig. 4 is a cross sectional view of a thyristor 
according to a second embodiment of this inven- 
tion; and 

Fig. 5 is a cross sectional view of a modifica- 
tion of the thyristor shown in Fig. 4. 

Fig. 1 is a cross sectional view of a thyristor 
according to a first embodiment of this invention. 
P-type emitter region 12 acting as an anode is 
formed in the rear surface area of N-type semicon- 
ductor substrate (N-type base region) 11. Anode 
electrode 13 is formed in ohmic contact with P- 
type emitter region 12. Anode terminal A is con- 
nected to anode electrode 13. P-type base region 
14 acting as a gate is formed in the front surface 
area of semiconductor substrate 11. Isolation re- 
gions 15 are formed from the front surface to the 
rear surface of semiconductor substrate 1 1 to sur- 
round P-type base region 14. First N-type emitter 
region 16 acting as a cathode is formed in the 
surface area of P-type base region 14. Cathode 
electrode 17 is formed in ohmic contact with first 
N-type emitter region 16. Cathode terminal K is 



connected to cathode electrode 17. Second N-type 
emitter region 18 is formed separately from and 
deeper than first N-type emitter region 16 in the 
surface area of P-typ base region 14. Gate elec- 

s trode 20 of MOSFET 19 is formed on gate insula- 
tion film 21 which is formed on that portion of P- 
type base region 14 which lies between first and 
second N-type emitter regions 16 and 18. N-type 
impurity region 22 is formed separately from first 

ro and second N-type emitter regions 16 and 18 in 
the surface area of P-type base region 14. Gate 
terminal G is connected to gate electrode 20 by 
use of wiring layer 23-1 and to N-type impurity 
region 22 by use of wiring layer 23-2. Further, gate 

is terminal G is connected to one end of resistor 24 
which is connected at the other end to gate elec- 
trode 25 of a thyristor formed in ohmic contact with 
P-type base region 14. 

Main thyristor 26 with PNPN structure is con- 

20 stituted by P-type emitter region 12, N-type semi- 
conductor substrate (N-type base region) 11, P- 
type base region 14 and first N-type emitter region 
16. Further, auxiliary thyristor 27 with PNPN struc- 
ture is constituted by P-type emitter region 12, N- 

25 type semiconductor substrate (N-type base region) 
11, P-type base region 14 and second N-type 
emitter region 18. Since second N-type emitter 
region 18 of auxiliary thyristor 27 is formed deeper 
than first N-type emitter region 16, the sensitivity of 

30 auxiliary thyristor 27 is set to be higher than that of 
main thyristor 26. MOSFET 19 includes first and 
second N-type emitter regions 16 and 18, P-type 
base region 14, gate insulation film 21 and gate 
electrode 20. First and second N-type emitter re- 

35 gions 16 and 18 act as source and drain regions, 
and that portion of P-type base region 14 which 
lies between first and second N-type emitter re- 
gions 16 and 18 acts as a channel region. Zener 
diode 28 is formed of P-type base region 14 and 

40 N-type impurity region 22, and is used to protect 
the gate insulation film of MOSFET 19. 

Rgs. 2A to 2E are cross sectional views se- 
quentially showing the manufacturing steps of man- 
ufacturing the thyristor shown in Fig. 1. First, as 

45 shown in Fig. 2A, oxide films 31 and 32 are re- 
spectively formed on the front and rear surfaces of 
N-type semiconductor substrate (silicon substrate) 
11 with the resistivity of 40 Q«cm. Semiconductor 
substrate 11 is used as an N-type base region. 

so Openings 31 A and 31 B are formed by a PEP 
method in portions of oxide film 31 corresponding 
in position to the area in which isolation regions 15 
are formed. Likewise, openings 32A and 32B are 
formed by a PEP method In portions of oxide film 

55 32 corresponding in position to the. area in which 
isolation regions 15 are formed. Then, P-type im- 
purity is doped into s miconductor substrate 11 via 
openings 31 A, 31 B, 32A and 32B from both sides 
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of semiconductor substrate 11 so as to form isola- 
tion regions 1 5. 

Next, as shown in Fig. 2B, oxide films 31 and 

32 ar removed and then oxide film 33 is formed 
on the upper surface of the resultant semiconduc- 
tor structure. Part of oxide film 33 which lies on the 
formation area for formation of P-type base region 
14 is selectively removed by a PEP method. Then, 
a P-type impurity is doped into semiconductor sub- 
strate 11 from the both sides thereof with oxide film 

33 used as a mask. At this, time, for example, 
boron is deposited to the exposed surface of semi- 
conductor substrate 1 1 in a heat treatment process 
at a temperature of 1000'C for approx. one hour 
and is diffused to a depth of 40 urn. In this way, P- 
type emitter region 12 and P-type base region 14 
with a surface impurity concentration of 1 x 10 18 to 
5 x 10 18 atoms/cm 3 can be formed at the same 
time. Then, an N-type impurity is selectively ion- 
implanted into a portion of P-type base region 14 
which lies in position corresponding to an area for 
formation of the channel region of MOSFET 19 so 
as to form impurity region 14A whose P-type impu- 
rity concentration is reduced to approx. 1 x 10 17 
atoms/cm 3 . 

After this, remaining oxide film 33 is removed, 
and oxide films 34 and 35 are formed on both 
surfaces of the resultant semiconductor structure. 
Openings 34A is formed by a PEP method in a 
portion of oxide film 34 corresponding in position to 
the area for formation of second N-type emitter 
region 18. Then, an N-type impurity is doped into 
the surface area of semiconductor substrate 11 
with oxide films 34 and 35 used as a mask. Subse- 
quently, openings 34B and 34C are formed by a 
PEP method in those portions of oxide film 34 
which lie on the areas for formation of first N-type 
emitter region 16 and N-type impurity region 22, 
Then, an N-type impurity is doped into the surface 
area of semiconductor substrate 1 1 with oxide films 

34 and 35 used as a mask. In this case, phosphor 
is adhered to the exposed surface of semiconduc- 
tor substrate 1 1 in a heat treatment process at a 
temperature of 1100* C for approx. 30 minutes and 
is diffused to a depth of 12 urn. In this way, first N- 
type emitter region 16, second N-type emitter re- 
gion 18 and N-type impurity region 22 with a 
surface impurity concentration of 1 x 10 21 
atoms/cm 3 or more can be formed. Since impurity 
doping steps are effected twice to form second N- 
type emitter region 18, the diffusion depth thereof 
becomes deep and as a result the construction 
shown in Fig. 2C can be obtained. 

Next, remaining oxide film 34 Is selectively 
removed, and a thin oxide film used as gat insula- 
tion film 21 is formed on that portion of P-type 
base region 14 which lies between first and second 
N-type emitter regions 16 and 18. After a poly- 



silicon layer is formed on gat insulation film 21 
and oxide film 34, the polysilicon layer is patterned 
to form gat electrode 20 and resistor 24. The 
resistance value of the resistor 24 is controlled by 

5 ion-implantation technique. Then, oxide film 36 is 
formed on the surface of the resultant semiconduc- 
tor structure as shown in Fig. 2D. 

After this, openings 36A, 36B, 36C, 360 and 
36E are formed by a PEP method in oxide film 36 

10 in positions corresponding to first N-type emitter 
region 16, N-type impurity region 22, P-type base 
region 14 and ends of resistor 24, and oxide film 
35 is removed. Then, metal such as aluminum is 
vapor deposited on both surfaces of the resultant 

15 semiconductor structure and is patterned. As a 
result, anode electrode 13. cathode electrode 17, 
cathode extraction electrode 37 of a Zener diode, 
gate electrode 25 and gate extraction electrode 38 
of a thyristor are formed as shown in Fig. 2E. 

20 Next, semiconductor substrate 11 is cut along 
X-x' lines in Rg. 2E, and then anode electrode 13 
and cathode electrode 17 are connected to anode 
terminal A and cathode terminal K, respectively. 
Gate electrode 20 of MOSFET 19 and electrode 37 

25 are connected to gate terminal G via wiring layers 
23-1 and 23-2, respectively. Further, gate extrac- 
tion electrode 38 Is connected to gate terminal G to 
form a thyristor shown in Fig. 1. 

Now, the operation of the thyristor shown in 

30 Rg. I is explained. In a case where no voltage is 
applied to gate terminal G, main thyristor 26, auxil- 
iary thyristor 27 and MOSFET 19 are all turned off. 
In this case, since main thyristor Is constituted to 
have an improved dv/dt characteristic, main thyris- 

35 tor 26 is not easily turned on even if a noise 
voltage is applied between anode terminal A and 
cathode terminal K. Further, since auxiliary thyristor 
27 is separated from main thyristor 26 by means of 
MOSFET 19 which is now in the OFF state, main 

40 thyristor 26 will not be turned on. 

In a case where a voltage is applied to gate 
terminal G, MOSFET 19 is turned on and the 
conductivity type of the channel region is inverted 
into N-type, thereby connecting first N-type emitter 

45 region 16 to second N-type emitter region 18. 
Therefore, main thyristor 26 and auxiliary thyristor 
27 are connected to each other. In other words, 
main thyristor 26 and auxiliary thyristor 27 are 
combined to function as one thyristor 29 having a 

so high gate sensitivity area (auxiliary thyristor section 
27). In this case, a gate current flows from gate 
terminal G to P-type base region 14 or the gate of 
auxiliary thyristor 27 via resistor 24. As a result, 
auxiliary thyristor 27 is turned on. The effect due to 

55 the turn-on of auxiliary thyristor 27 is transferred to 
main thyristor 26 via MOSFET 19, and main thyris- 
tor 26 is also turned on. Since the threshold volt- 
age of MOSFET 19 is approx. 1.5 V and voltage 
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V G t for turning on auxiliary thyristor 27 is 0.5 V, it 
is sufficient to set a voltage applied to gate termi- 
nal G when auxiliary thyristor 27 is turned on to 
approx. 2 V. At this time, gate turn-on current l QT of 
auxiliary thyristor 27 Is approx. 10 uA and auxiliary 
thyristor 27 is sufficiently sensitive. Resistor 24 is 
used to adjust threshold voltage Vjh of auxiliary 
thyristor 28 and gate turn-on voltage V GT so as to 
attain an adequate gate current. Further, break- 
down occurs in Zener diode 28 when a high volt- 
age is applied to gate terminal G so that gate 
insulation film 21 of MOSFET 19 can be effectively 
prevented from being damaged. 

Fig. 3 shows a modification of the thyristor 
shown in Fig. 1. The thyristor is triggered by irra- 
diation of light. That is, in the thyristor of Fig. 1, 
auxiliary thyristor 27 Is triggered by applying volt- 
age to gate terminal G and supplying a gate cur- 
rent to auxiliary thyristor 27 via resistor 24. In 
contrast, the thyristor shown in Fig. 3 is triggered 
by irradiation of light. In Fig. 3, portions which are 
similar to those of the thyristor shown in Fig. 1 are 
denoted by the same reference numerals and the 
explanation therefor is omitted. In the thyristor of 
Fig. 3, photodiodes 41 and 42 are embedded in 
that portion of P-type base region 14 which lies 
between second N-type emitter region 18 and N- 
type impurity region 22. Photodiodes 41 and 42 are 
isolated from P-type base region 14 by means of 
insulation films 43 and 44, respectively. 
Photodiodes 41 and 42 are respectively formed of 
P-type impurity regions 45 and 46 acting as an 
anode region and N-type impurity regions 47 and 
48 formed in the surface area of respective impu- 
rity regions 45 and 46. P-type impurity region 45 of 
photodiode 41 is connected to gate electrode 20 of 
MOSFET 19, and N-type impurity region 47 of 
photodiode 41 is connected to P-type impurity re- 
gion 46 of photodiode 42. Further. N-type impurity 
region 48 of photodiode 42 is connected to P-type 
base region 14. 

With the construction described above, when 
light is applied to photodiodes 41 and 42, an elec- 
tromotive force is generated and is applied to the 
gate of MOSFET 19 to turn on the same. At the 
same time, current caused by the electromotive 
force is supplied to P-type base region 14 or the 
gate of auxiliary thyristor 28 to turn on auxiliary 
thyristor 28. As a result, main thyristor 27 is also 
turned on. When no light is irradiate, the thyristor is 
set under the same condition as that in which the 
thyristor of Rg. 1 is set when no voltage is applied 
to gate terminal G. Therefore, even if a noise 
voltage is applied between anode terminal A and 
cathode terminal K, main thyristor 26 will not be 
turned on. 

Rg. 4 shows a thyristor according to a second 
embodiment of this invention. The thyristor is con- 



structed by applying this invention to the am- 
plifying gate type thyristor. 

P-type emitter region 12 acting as an anode is 
formed in the rear surfac area of N-typ semicon- 

5 ductor substrate (N-type base region) 11. Anode 
electrode 13 is formed in ohmic contact with P- 
type emitter region 12. Anode terminal A is con- 
nected to anode electrode 13. First P-type base 
region 14-1 acting as a gate of the main thyristor is 

w formed in the front surface area of semiconductor 
substrate 11. Second P-type base region 14-2 act- 
ing as a gate of the auxiliary thyristor is formed 
separately from P-type base region 14-1 in the 
front surface area of semiconductor substrate 11. 

is Isolation regions 15 are formed from the front sur- 
face to the rear surface of semiconductor substrate 
11 to surround first and second P-type base re- 
gions 14-1 and 14-2. Rrst to third N-type emitter 
regions 16-1 to 16-3 acting as a cathode of the 

20 main thyristor is formed in the surface area of P- 
type base region 14-1. Cathode electrode 17 Is 
formed in ohmic contact with first to third N-type 
emitter regions 16-1 to 16-3. Cathode terminal K is 
connected to cathode electrode 17. Fourth N-type 

25 emitter region 1 8 is formed in the surface area of 
second P-type base region 14-2. N-type impurity 
region 51 is formed separately from fourth N-type 
emitter region 18 in the surface area of second P- 
type base region 14-2. Further, N-type impurity 

30 region 51 is connected to gate electrode 53 of the 
main thyristor which is ohmic contact with first P- 
type base region 14-1 via wiring layer 52. Gate 
electrode 20 of MOSFET 19 is formed on gate 
insulation film 21 which is formed on that portion of 

35 second P-type base region 14-2 which lies be- 
tween fourth N-type emitter region 18 and N-type 
impurity region 51. N-type impurity region 22 is 
formed separately from fourth N-type emitter re- 
gion 18 and N-type impurity region 51 in the sur- 

40 face area of second P-type base region 14-2. Gate 
terminal G is connected to gate electrode 20 by 
use of wiring layer 23-1 and to N-type impurity 
region 22 by use of wiring layer 23-2. Further, gate 
terminal G is connected to one end of resistor 24 

45 which is connected at the other end to gate elec- 
trode 25 of an auxiliary thyristor formed in ohmic 
contact with second P-type base region 14-2. 

Main thyristor 26 with PNPN structure is con- 
stituted by P-type emitter region 12, N-type semi- 

50 conductor substrate (N-type base region) 11, first 
P-type base region 14-1 and first to third N-type 
emitter regions 16-1 to 16-3. Thus, main thyristor 
26 has a shorted emitter structure. Further, auxil- 
iary thyristor 27 with PNPN structure is constituted 

55 by P-type emitter region 12, N-type semiconductor 
substrate (N-type base region) 11. second P-type 
base region 14-2 and fourth N-type emitter region 
18. Main thyristor 26 is formed to have a shorted 
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emitter structure and has an enhanced dv/dt char- 
acteristic. In contrast, auxiliary thyristor 27 is 
formed to have a high sensitivity. MOSFET 19 
includes fourth N-type emitter region 18, N-type 
impurity region 51, second P-type base region 14- 
2, gate insulation film 21 and gate electrode 20. 
Fourth N-type emitter region 18 and N-type impu- 
rity region 51 act as source and drain regions, and 
that portion of second P-type base region 4-2 
which lies between fourth N-type emitter region 18 
and N-type impurity regions 51 acts as a channel 
region. Zener diode 28 is formed of second P-type 
base region 14-2 and N-type impurity region 22, 
and is used to protect gate insulation film 21 of 
MOSFET 19. 

Now, the operation of the thyristor shown in 
Fig. 4 is explained. The operation is similar to that 
of the thyristor shown in Rg. 1 except the turn-on 
process of main thyristor 26. In a state wherein no 
voltage is applied to gate terminal G, main thyristor 
26, auxiliary thyristor 27 and MOSFET 19 are ail 
set in the OFF condition. That is, at this time, main 
thyristor 26 and auxiliary thyristor 27 are elec- 
trically separated from each other by MOSFET 19 
which is in the OFF condition. Under this condition, 
even if a noise voltage is applied between anode 
terminal A and cathode terminal K, main thyristor 

26 which has an enhanced dv/dt characteristic is 
not easily turned on. In this case, auxiliary thyristor 

27 which is sensitive may be turned on and is thus 
erroneously triggered. However, since MOSFET 19 
is turned off, no gate current is supplied to gate 
electrode 53 (first P-type base region 1 4-1 ) of main 
thyristor 26. As a result, main thyristor 26 will not 
be erroneously triggered even when auxiliary 
thyristor 27 is erroneously triggered. 

In a case where a voltage is applied to gate 
terminal G MOSFET 19 is turned on so that gate 
electrode 53 of main thyristor 26 and the cathode 
(N-type emitter region 18) of auxiliary thyristor 27 
can be electrically connected via the current path 
of MOSFET 19 and wiring layer 52. At this time, a 
gate current is supplied to gate electrode 25 of 
auxiliary thyristor 27 via resistor 24 by application 
of voltage to gate terminal G. As a result, auxiliary 
thyristor 27 is turned on. The turn-on operation of 
auxiliary thyristor 27 causes a current flowing be- 
tween the anode and cathode of auxiliary thyristor 
27 to be supplied as a gate current of main thyris- 
tor 26, thereby turning on main thyristor 26. 

The inventors of this invention made for experi- 
ment the conventional amplifying gate type thyris- 
tor and a thyristor with the construction shown in 
Rg. 4, both thyristors being formed to have rated 
current and voltage of 10 A and 600 V. In the 
thyristor with the construction shown in Rg. 4, gate 
turn-on current I G t of 10 u A and dv/dt of 400 V/us 
were obtained when the resistance of resistor 24 



was set to 200 KQ. In contrast, in the conventional 
amplifying gate type thyristor, gate turn-on current 
l QT of 100 uA and dv/dt of 200 V/us wer obtained 
when the resistance of an input resistor 

5 (corresponding to resistor 24 used in this invention) 
was set to 200 KQ. Thus, it was determined that 
the sensitivity of the thyristor of this Invention is 
sufficiently high and the dv/dt characteristic is sig- 
nificantly improved in comparison with that of the 

10 conventional thyristor. 

Rg. 5 shows a modification of the thyristor 
shown in Rg. 4. The thyristor is triggered by irra- 
diate of light, and is formed by combining the 
structures of Rgs. 3 and 4. In Rg. 5, the turn-on 

75 mechanism of auxiliary thyristor 27 by application 
of light is the same as that of Rg. 3. and the basic 
operation of the thyristor is the same as that of the 
thyristor shown in Rg. 4. Therefore, portions which 
are the same as those in Rgs. 3 and 4 are denoted 

20 by the same reference numerals and the explana- 
tion thereof is omitted. 

With this construction, the operation which is 
substantially the same as those in the foregoing 
embodiments is effected and the same effect can 

25 be obtained. 

As described above, according to this inven- 
tion, a thyristor having a high gate sensitivity and 
improved noise-capability can be provided. 

30 

Claims 

1. A thyristor comprising a main thyristor (26) 
formed in a semiconductor substrate (11); and an 

35 auxiliary thyristor (27) formed in said semiconduc- 
tor substrate (11) in which said main thyristor (26) 
is formed and functioning to control the operation 
of said main thyristor (26); characterized by further 
comprising a MOSFET (19) formed between said 

40 main thyristor (26) and said auxiliary thyristor (27) 
and gate energization means for energizing gate 
electrodes of said MOSFET (19) and said auxiliary 
thyristor (27), and characterized in that said MOS- 
FET (19) electrically connects said main thyristor 

45 (26) to said auxiliary thyristor (27) in the ON state 
and electrically disconnecting said main thyristor 
(26) from said auxiliary thyristor (27) in the OFF 
state. 

2. A thyristor according to claim 1, character- 
50 ized in that said auxiliary thyristor (27) is formed to 

have a sensitivity higher than that of said main 
thyristor (26). 

3. A thyristor according to claim 1, character- 
ized in that said main thyristor (26) is constituted to 

65 include said semiconductor substrate (11) acting as 
an N-type base region, a P-typ emitter region (12) 
formed in one of two surface areas of said semi- 
conductor substrate (11), a P-type base region (14) 
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formed in the other surface area of said semicon- 
ductor substrate (11), and a first N-type mitter 
region (16) formed in the surface area of said P- 
type base region (14); said auxiliary thyristor (27) is 
constituted to include said semiconductor substrate 
(11), said P-type emitter region (12), said P-type 
base region (14) and a second N-type emitter 
region (18) which is formed separately from and 
deeper than said first N-type emitter region (16) in 
the surface area of said P-type base region (14); 
and said MOSFET (19) is constituted to include 
said first and second N-type emitter regions (16 
and 18), a portion of said P-type base region (14) 
which lies between said first and second N-type 
emitter regions (16 and 18), a gate insulation film 

(21) formed on said P-type base region (14) 
formed between said first and second N-type emit- 
ter regions (16 and 18). and a gate electrode (20) 
formed on said gate insulation film (21). 

4. A thyristor according to claim 3, character- 
ized by further Including N-type impurity region 

(22) which is formed in the surface area of said P- 
type base region (14) and constitutes a Zener 
diode (28) in cooperation with said P-type base 
region (14), said Zener diode (28) serving to pro- 
tect said MOSFET (19). 

5. A thyristor according to claim I, character- 
ized In that said main thyristor (26) is constituted to 
include said semiconductor substrate (1 1 ) acting as 
an N-type base region, a P-type emitter region (12) 
formed in one of two surface areas of said semi- 
conductor substrate (11), a first P-type base region 
(14-1) formed in the other surface area of said 
semiconductor substrate (1 1 ), and first N-type em- 
itter regions (16-1 to 16-3) formed in the surface 
area of said first P-type base region (14-1); said 
auxiliary thyristor (27) is constituted to include said 
semiconductor substrate (11), said P-type emitter 
region (12), a second P-type base region (14-2) 
which is formed separately from said first P-type 
base region (14) in the other surface area of said 
semiconductor substrate (11) and a second N-type 
emitter region (18) which is formed in the surface 
area of said second P-type base region (14-2); and 
said MOSFET (19) is constituted to include said 
second N-type emitter region (18), an N-type impu- 
rity region (51 ) formed separately from said second 
N-type emitter region (18) in the surface area of 
said second P-type base region (14-2), a gate 
insulation film (21) formed on a portion of said 
second P-type base region (14-2) which lies be- 
tween said second N-type emitter region (18) and 
said N-type impurity region (51), and a gate elec- 
trode (20) formed on said gate insulation film (21). 

6. A thyristor according to claim 5, character- 
ized by further including N-typ impurity region 
(22) which is formed in the surface area of said 
second P-type base region (14-2) and constitutes a 



Zener diode (28) in cooperation with said second 
P-type bas r gion (14-2), said Zener diode (28) 
serving to protect said MOSFET (19). 

7. A thyristor according to claim 5, character- 
5 ized in that said main thyristor (26) further includes 
a plurality of N-type emitter regions (16-1 to 16-3) 
formed in the surface area of said first P-type base 
region (14-1) and is formed of the shorted emitter 
structure. 

70 8. A thyristor according to claim 1 , character- 
ized in that said gate energization means includes 
a gate terminal (G) connected to the gate electrode 
(20) of said MOSFET (19) and a resistor (24) 
connected between said gate terminal (G) and the 

75 gate electrode (25) of said auxiliary thyristor (27). 

9. A thyristor according to claim 1 , character- 
ized in that said gate energization means includes 
a photodiode (41, 42) connected between the gate 
electrode (20) of said MOSFET (19) and the gate 

20 electrode (25) of said auxiliary thyristor (27). 

10. A thyristor comprising an N-type semicon- 
ductor substrate (11) acting as an N-type base 
region; a P-type emitter region (12) formed in a 
first surface area of said semiconductor substrate 

25 (11); an anode electrode (13) formed in ohmic 
contact with said P-type emitter region (12); a P- 
type base region (14) formed in a second surface 
area of said semiconductor substrate (11); a first N- 
type emitter region (16) formed in the surface area 

30 of said P-type base region (14); a cathode elec- 
trode (17) formed in ohmic contact with said P-type 
base region (14); and a first gate electrode (25) 
formed in ohmic contact with said P-type base 
region (14); characterized by further comprising a 

35 second N-type emitter region (18) which is formed 
separately from and deeper than said first N-type 
emitter region (16) in the surface area of said P- 
type base region (14); a gate insulation film (21) 
formed on a portion of said P-type base region (1 4) 

40 lying between said first and second N-type emitter 
regions (16 and 18); a second gate electrode (20) 
formed on said gate insulation film (21); and gate 
energization means for energizing said first and 
second gate electrodes (25 and 20). 

45 11. A thyristor according to claim 10, char- 

acterized by further including an N-type impurity 
region (22) formed separately from said first and 
second N-type emitter regions (16 and 18) in the 
surface area of said P-type base region (14). 

so 12. A thyristor according to claim 10, char- 
acterized in that said gate energization means in- 
cludes a gate terminal (G) connected to said sec- 
ond gate electrode (20) and a resistor (24) con- 
nected between said gate terminal (G) and said 

55 first gate electrode (25). 
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13. A thyristor according to claim 10, char- 
acterized in that said gate energization means in- 
cludes a photodiode (41, 42) connected between 
said first and s cond lectrodes (25 and 20). 

14. An amplifying gate type thyristor compris- 
ing an N-type semiconductor substrate (11) acting 
as an N-type base region; a P-type emitter region 

(12) formed in one of two surface areas of said 
semiconductor substrate (11); an anode electrode 

(13) formed in ohmic contact with said P-type 
emitter region (12); a first P-type base region (14-1) 
formed in the other surface area of said semicon- 
ductor substrate (11); a plurality of first N-type 
emitter regions (16-1 to 16-3) formed in the surface 
area of said first P-type base region (14-1); a 
cathode electrode (17) formed in ohmic contact 
with said first P-type base region (14-1) and said 
first N-type emitter regions (16-1 to 16-3); a second 
P-type base region (14-2) which is formed sepa- 
rately from said first P-type base region (14-1) in 
the other surface area of said semiconductor sub- 
strate (11); a second N-type emitter region (18) 
which is formed in the surface area of said second 
P-type base region (14-2); and a first gate elec- 
trode (25) formed in ohmic contact with said sec- 
ond P-type base region (14-2); characterized by 
further comprising a first N-type impurity region 
(51) formed separately from said second N-type 
emitter region (18) in the surface area of said 
second P-type base region (14-2), said first N-type 
impurity region (51) being connected to said first 
P-type base region (14-1); a gate insulation film 
(21) formed on a portion of said second P-type 
base region (14-2) which lies between said second 
N-type emitter region (18) and said first N-type 
impurity region (51); a second gate electrode (20) 
formed on said gate insulation film (21); and gate 
energization means for energizing said first and 
second gate electrodes (25 and 20). 

15. A thyristor according to claim 14, char- 
acterized by further including an N-type impurity 
region (22) which is formed separately from said 
second N-type emitter region (18) and said first N- 
type impurity region (51) in the surface area of said 
second P-type base region (1 4-2). 

16. A thyristor according to claim 14, char- 
acterized in that said gate energization means in- 
cludes a gate terminal (Q) connected to said sec- 
ond gate electrode (20) and a resistor (24) con- 
nected between said gate terminal (G) and said 
first gate electrode (25). 

17. A thyristor according to claim 14, char- 
acterized in that said gate energization means in- 
cludes a photodiode (41, 42) connected between 
said first and second gate electrodes (25 and 20). 
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